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@ IFN-beta 2/IL-6 receptor, Its preparation and pharmaceutical compositions containing It. 

@ Human natural IFN-j82/IL-6 receptor and its soluble extracellular fragment are provided in substantially 
purified form and are shown to stimulate and to enhance beneficial effects of IFN-/32/IL-6, such as its 
antiproliferative activity. Polyclonal and monoclonal antibodies raised against the soluble fragment of the receptor 
are also provided. 
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IFN-/32/IL-6 RECEPTOR, ITS PREPARATION AND PHARMACEUTICAL COMPOSITIONS CONTAINING IT 

FIELD OF THE INVENTION 

This invention relates to human lnterferon-jg2/lnter!eukin-6 Receptor (hereinafter iFN-i32/ll-6-R). its 
soluble extracellular fragment, salts, functional derivatives, precursors and active fractions thereof. The 
5 invention also relates to a process for the purification of human natural IFN-j82/IL-6-R and its soluble 
extracellular fragment, to the cloning of the soluble extracellular fragment and its production by recombinant 
DNA techniques, and to polyclonal and monoclonal antibodies raised thereto. It further relates to phar- 
maceutical compositions comprising human natural IFN-)32/!L-6-R or its soluble extracellular fragment, or 
salts, functional derivatives, precursors and active fractions thereof. 



BACKGROUND OF THE INVENTION 



lnterferon-jS2, now designated lnterleukin-6 (hereinafter IFN-)g2/IL-6), is a multifunctional cytokine that 
75 regulates the growth and differentiation of various cells and tissues and appears to be one of the important 
mediators of the response to viral and bacterial infections and' to shock. The biological effects now 
associated with lFN-iS2/IL-6 include: stimulation of immunoglobulin secretion by mature B lymphocytes 
(BSF-2 activity), growth stimulation of plasmacytomas and hybridomas (HGF activity), activation of T cells, 
stimulation of hepatic acute phase protein synthesis (HSF activity), stimulation of hematopoiesis, cell 
20 differentiation (DIF activity), inhibition of tumor cell growth (AP activity) and other IFN-like effects. As a 
typical cytokine, IFN-)S2/IL-6 is secreted by many cell types and acts in various combinations with other 
interleukins and interferons. Among its activities viewed as having antitumor potential are: inhibition of 
cancer cell growth and colony formation, differentiation of malignant cells to more normal phenotypes, 
stimulation of normal hematopoiesis, stimulation of T-lymphocyte activation, stimulation of antibody secre- 
25 tion by B-cells, stimulation of complement synthesis, and stimulation of antiprotease synthesis. 

The cloning of the human IFN-)32/IL-6 receptor was reported (Yamasaki, et al.. Science, Vol. 241, pp. 
825-828). However, the natural human IFN-^2/IL-6 receptor and a soluble extracellular fragment thereof 
have not been isolated and described in the literature. 

30 

SUMMARY OF THE INVENTION 

It has now been discovered that the IFN-i32/IL-6-R and a soluble fragment thereof strongly enhance the 
stimulatory effect of IFN-^2/IL-6 on mouse plasmacytoma cells and markedly enhance the growth inhibitory 

35 effect of human IFN-;S2/IL-6 on human breast cancer cells and thus can be used to enhance the biological 
activity of IFN-j82/IL-6. Thus, the present invention provides human natural lnterferon-)32/ lnterleukin-6 
Receptor, herein designated IFN-^2/IL-6-R, its soluble extracellular fragment, salts, functional derivatives, 
precursors and active fractions thereof, and mixtures of any of the foregoing, which specifically bind IFN- 
/32/IL-6 and can stimulate and enhance the beneficial biological effects of IFN-^2/IL-6. 

40 The invention is directed to said human natural IFN-^2/IL-6-R in substantially purified form, being free 
of proteinaceous impurities, and to a process for Its isolation. 

The invention also relates to the human IFN-j32/IL-6-R soluble extracellular fragment In substantially 
purified form, being free of proteinaceous impurities and moving as a single peak on reversed-HPLC and to 
a process for the isolation and purification of said fragment from human fluids, e.g. urine. 

45 The invention is also directed to polyclonal and monoclonal antibodies against the human IFB-)32/IL-6-R 
and its soluble extracellular fragment. 

The invention further concerns the production of the lFN-i92/IL-6-R soluble extracellular fragment by 
recombinant DNA techniques, including the preparation of DNA sequences coding for the IFN-j82/IL-6-R 
soluble extracellular fragment, or for a protein substantially homologous therewith, the construction of 

50 expression vehicles comprising them and of host cells transformed therewith, and to a process for 
producing IFN-)92/IL-6-R soluble extracellular fragment or a protein substantially homologous therewith, by 
cuituring said transformant cells in a suitable culture medium. 

The human natural IFN-^2/IL-6-R of the invention and its soluble extracellular fragment and salts, 
functional derivatives, precursors and active fractions thereof, and mixtures of any of the foregoing, are for 
use as active ingredients in combination with IFN-^2/IL-6 of pharmaceutical compositions to enhance the 
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beneficial effects of iFN-i92/IL-6. 



BRIEF DESCRIPTION OF THE FIGURES 

5 

Figure 1 shows the reversed-phase HPLC column elutlon pattern of IFN-^2/IL-6-R soluble extracellular 
fragment fractions after partial purification on an immobilized IFN-^2/IL-6 column. 

Figure 2 shows the results of analysis of the purified IFN-^2/IL-6-R soluble extracellular fragment fraction 
by SDS^PAGE under non-reducing conditions, followed by silver staining (lanes 1 and 2), or followed by 
10 electroblotting, ''2G|.r!FN-jg2/IL-6 binding, and visualization by autoradioagraphy (lanes 3 and 4). 

Figure 3 shows the enhancement of IFN-j92/IL-6-R soluble extracellular fragment on human breast 
carcinoma T47D cells. 

DETAILED DESCRIPTION OF THE INVENTION 

76 

The receptors of IFN-)32/IL-6 on various human cells are identified by cross-linking experiments with 
radiolabelled !FN-jS2/IL-6. Briefly pure IFN-j92/IL-6 is labelled with V^^\] by the chloramine-T method 
according to published procedures, retaining its intact biological activity. Such labelled IRN-^2/lL-6 is 
allowed to react with various human cells at 4*0 and the resulting IFN-i32/lL-6 receptor complexes are 

20 covalently cross-linked and then analyzed by polyacrylamide gel electrophoresis (PAGE) in the presence of 
sodium dodecyl sulfate (SDS) followed by autoradiography. After their identification, the receptors are 
isolated by a method which comprises solubilizing human cells bearing the receptors to obtain a 
suspension, centrifuging the suspension to obtain a supernatant, applying the supernatant to an immobilized 
IFN-J32/IL-6 or anti-IFN-^2/IL-6-R monoclonal antibody column, and eluting the bound receptor protein by 

25 varying pH conditions, in a state of enhanced purity, if necessary, the eluted fractions may be further 
purified. 

The soluble extracellular fragment of IFN-j32/IL-6-R of the invention was found in human urine, in its 
substantially purified form, which is substantially free of proteinaceous Impurities, it has a molecular weight 
of about 50 (40-60) K when analyzed by SDS PAGE under non-reducing conditions and it moves as a 
30 single peak on reversed-phase HPLC. 

It is further characterized by the following sequence obtained by N-terminal sequence analysis of the 
protein: 

Leu-Ala-Pro-Arg-Arg-Gys-Pro-Ala-Gln-Glu-Val-Ala-Arg-GIy-Val-Leu-Thr-Ser-Leu-Pro-Gly-Asp-Ser-Val-Thr- 
Leu-Thr-Cys-Pro-Gly- 

35 The present invention encompasses a polypeptide comprising the above sequence as well as any other 
polypeptide in which one or more amino acids in the structure of the IFN-i32/!L-6-R fragment are deleted or 
replaced with other amino acids, or one or more amino acids are added thereto, as long as they bind 
specifically IFN-;32/IL-6-R. 

This invention also relates to a process for isolating IFN-j32/IL-6-R soluble extracellular fragment from a 
40 human fluid, e.g. urine, and its purification. In one preferred embodiment, the substantially purified receptor 
fragment of the invention is produced by a process which comprises: 

a) recovering the crude protein fraction from a diaiyzed concentrate of human urine of healthly donors; 

b) subjecting said crude protein fraction of step (a) to affinity purification on a column of Immobilized 
IFN-i92/IL-6; 

45 c) applying said affinity purified active fractions of IFN-j(32/IL-6 binding proteins from step (b) to reversed- 
phase HPLC; and 

d) recovering the fractions eluting at 39% acetonitrile and containing substantially purified IFN-j32/IL-6-R 
soluble extracellular fragment, said protein having a molecular weight of about 50K on SDS PAGE under 
non-reducing conditions and moving as a single peak on reversed-phase HPLC. 
so In a preferred embodiment, the crude protein fraction of step (a) is subjected first to ion exchange 
chromatography, for example, on a carboxymethyl Sepharose (CM-Sepharose or CMS) column. 

In another preferred embodiment, the affinity purification of step (b) is performed on a column of 
immobilized monoclonal antibodies raised against the IFN-j32/IL-6-R soluble fragment The invention further 
relates to the preparation of IFN-i82/IL-6-R soluble extracellular fragment by genetic engineering techniques 
55 and encompasses all the tools used In these techniques. Thus the invention concerns DNA molecules 
comprising the nucleotides sequence coding for said receptor fragment or for a protein substantially 
homologous therewith. These DNA molecules may be genomic DNA, cDNA. synthetic DNA and combina- 
tions thereof. 
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The cloning of the lFN-)S2/iL-6-R soluble extracellular fragment may be carried out by different 
techniques. The DNA coding for the fragment is synthesized or the gene coding therefor is isolated from a 
DNA library or the gene coding for the whole IFN-)32/IL-6 receptor is obtained first and then cut by known 
techniques. According to one approach, specific antibodies (polyclonal or monoclonal) to IFN-)S2/IL-6 

5 receptor are produced and used to search for cells producing the receptor by immunofluorescence or by 
Western blot. Then, mRNA is extracted from these IFN-;32/IL-6 receptor producing cells and is converted to 
cDNA by contacting with reverse transcriptase for a time and under conditions suitable to form said cDNA. 
The cDNA is cloned in an expression vector such as lambda gt 11, and screened by the use of the 
antibodies. The lambda gt 11 expression vector can be used for insertion of DNA up to 7 kb in length at a 

10 unique EcoRl site 53 bases upstream from the j8-galactosidase termination codon. Therefore, foreign 
sequences DNA may be inserted into this site and expressed under appropriate conditions as fusion 
proteins. The lambda gt 11 expression vector is particularly useful for the construction of cDNA libraries to 
be screened with antibody probes (Huynh. T.V. et ai. in: David Glover (ed.). DNA Cloning Techniques: A 
Practical Approach . IRL Press, Oxford (1984) PP. 49-78). 

75 Following another approach, a synthetic oligonucleotide or a mixture of synthetic oligonucleotides, 
whose sequence is derived from the amino acid sequence of a fragment of the protein, e.g., the N-terminal 
amino acid sequence, are produced and used as probes for cloning the cDNA or the genomic DNA coding 
for the IFN-j92/IL-6 receptor or for its soluble fragment. Suitable DNA preparations, such as human genomic 
DNA. are enzymatically cleaved by restriction enzymes, or randomly sheared, and the fragments inserted 
.20 into appropriate recombinant vectors to form a gene library. Such vectors can then be screened with 
synthetic oligonucleotide probes in order to identify a sequence coding for the IFN-j82/lL-6 receptor or for 
its soluble fragment. 

Alternatively, the mRNA is isolated from cells which express the receptor and is converted, after 
purification, to cDNA as described above. The cDNA is converted to double-stranded cDNA by known 

25 techniques, is cloned and the resulting clones are screened with an appropriate probe for cDNA coding for 
the desired sequences. Once the desired clone is isolated, the cDNA is manipulated in substantially the 
same manner as the genomic DNA. However, with cDNA there will be no introns or intervening sequences. 

The invention also relates to synthetic oligonucleotides to be used as probes to the DNA coding for 
IFN-J82/1L-6-R or for its soluble fragment. They are synthesized by known methods on the basis of the 

30 amino acid sequence of fragments of IFN-i32/IL-6-R. For this purpose, it is possible either to perform 
sequence analysis of the intact IFN-i92/IL-6-R or of its soluble extracellular fragment to obtain peptide 
fragments thereof and to characterize their amino acid sequence. The peptide fragments are obtained by 
subjecting purified protein preparations to fragmentation, e.g. by digestion with proteases such as trypsin, 
chymotrypsin or papain by methods well known in the art (Oike, Y. et al. (1982) J. Biol- Chem. 257 :9751- 

35 9758), they are then separated by reverse-phase HPLC and sequenced by automatic amino acid sequen- 
cing techniques. 

Once one or more suitable peptide fragments have been sequenced or a partial sequence of the protein 
is determined, the DNA sequences capable of encoding then are examined. Due to the degeneration of the 
genetic code, more than one codon may be used to encode a particular amino acid and one or more 

40 different oligonucleotides can be produced, each of which would be capable of encoding the IFN-)32/IL-6-R 
peptide fragments (Watson, J.D., in: Molecular Biology of the Gene , 3rd ed., W.A. Benjamin, Inc. Menlo 
Park. CA (1 977). pp. 356-357). However, only one member ofthe set contains the nucleotide sequence that 
is identical to the nucleotide sequence of the gene. Its presence within the set and its capability to hybridize 
to DNA even in the presence of the other members of the set. makes it possible to employ the 

45 unfractionated set of oligonucleotides in the same manner in which one would employ a single 
oligonucleotide to clone the gene that encodes the peptide. The use of such oligonucleotide or set of 
oligonucleotides containing the theoretical "most probable" sequence capable of encoding the IFN-)32/IL-6- 
R gene fragments (following the "codon usage rules" disclosed by Lathe, R.. et al. (1985) J. Molec. Biol. 
183 :1-12) permits to identify the sequence of a complementary oligonucleotide or set of oligonucleotides 

50 whTch is capable of hybridizing to the "most probable" sequence encoding the IFN-;82/lL-6-R or at least a 
portion thereof, or a set of such sequences. This oligonucleotide containing such a complementary 
sequence is then synthesized and employed as a probe to identify and isolate a DNA molecule coding for 
the IFN-)S2/IL-8-R of the invention from a DNA library (Maniatis. T. et al. Molecular Cloning: A Laboratory 
Manual . Cold Spring Harbor Press, Cold Spring Harbor, NY (1982). 

55 irTone of the embodiments, the isolation of the gene of the lFN-)92/IL-6 receptor is done by colony 
hybridization techniques under stringent conditions. Procedures for hybridization of nucleic acids are 
common knowledge and are disclosed, for example, in Maniatis. T., Molecular Cloning: A Laboratory 
Manual . op. cit. and in Haymes, B.T., et al., Nucleic Acid Hybridization: A Practical Approach , IRL Press. 
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Oxford, England (1985). By hybridization with the above nucleotide or set of oligonucleotides probes, it is 
possible to identify in a cDNA or genomic library, the DNA sequences capable of such hybridization and 
they are then analyzed to determine to what extent they contain encoding sequences for the IFN-^2/IL-6-R. 
The DNA coding for the receptor soluble extracellular fragment of the invention is then obtained from the 

5 DNA of positive clones of the whole receptor by known procedures and is inserted into appropriately 
constructed expression vectors by techniques well known in the art (see Maniatis et al., op cit ). Double- 
stranded cDNA is linked to plasmid vectors by homopolymeric tailing or by restriction linking involving the 
use of synthetic DNA linkers or blunt-ended ligation techniques. DNA ligases are used to ligate the DNA 
molecules and undesirable Joining is avoided by treatment with alkaline phosphatase. 

TO For expression of the desired protein, the expression vector should comprise also specific nucleotide 
sequences containing transcriptional and translatlonal regulatory information linked to the DNA coding for 
the desired protein in such a way as to permit gene expression and production of the protein. First, in order 
for the gene to be transcribed, it must be preceded by a promoter recognizable by RNA polymerase, to 
which the polymerase binds and thus initiates the transcription process. There are a variety of such 

15 promoters in use. which work with different efficiencies (strong and weak promoters) and are different for 
prokaryotic and eukaryotic cells. High levels of gene expression In prokaryotic ceils are achieved by using 
also ribosome-binding sites, such as the Shine-Dalgarno sequence (SD sequence). For eukaryotic hosts, 
different transcriptional and translatlonal regulatory sequences may be employed, depending on the nature 
of the host. They may be derived from viral sources, such as adenovirus, bovine papilloma virus. Simian 

20 virus, or the like, where the regulatory signals are associated with a particular gene which has a high level 
of expression. Examples are the TK promoter of Herpes virus, the SV40 early promoter, the yeast ga14 
gene promoter, etc. Transcriptional initiation regulatory signals may be selected which allow for repression 
and activation, so that expression of the genes can be modulated. 

The DNA molecule comprising the nucleotide sequence coding for a protein comprising the amino acid 

25 sequence of the IFN-jS2/IL-6-R soluble extra-cellular fragment of the invention, preceded by a nucleotide 
sequence of a signal peptide and the operabiy linked transcriptional and translatlonal regulatory signals, is 
inserted into a vector which is capable of Integrating the desired gene sequences into the host cell 
chromosome. The cells which have stably integrated the introduced DNA into their chromosomes can be 
selected by also introducing one or more markers which allow for selection of host cells which contain the 

30 expression vector. 

In a preferred embodiment, the introduced DNA molecule will be incorporated into a plasmid or viral 
vector capable of autonomous replication In the recipient host, Prokaryotic and eukaryotic plasmids are 
well-known from the literature. Factors of importance in selecting a particular plasmid or viral vector include 
the ease with which recipient cells that contain the vector may be recognized and selected from those 
35 recipient cells which do not contain the vector; the number of copies of the vector which are desired in a 
particular host; and whether it is desirable to be able to "shuttle" the vector between host cells of different 
species. 

Once the vector or DNA sequence containing the construct(s) has been prepared for expression, the 
DNA construct(s) may be introduced into an appropriate host cell by any of a variety of suitable means: 

40 transformation, transfection. conjugation, protoplast fusion, electroporation. calcium phosphate-precipitation, 
direct microinjection, etc. Host cells to be used in this invention may be either prokaryotic or eukaryotic. 
Preferred prokaryotic hosts include bacteria such as E. coli , Bacillus. Streptomyces. Pseudomonas. 
Salmonella, Serratia. etc. The most preferred prokaryotic host is E coH . Under such conditions, the protein 
will not be glycosylated. The prokaryotic host must be compatible with the replicon and control sequences 

45 in the expression plasmid. Preferred eukaryotic hosts are mammalian cells, e.g., human, monkey, mouse 
and Chinese hamster ovary (CHO) cells, because they provide post-translational modifications to protein 
molecules, including correct folding or glycosylation at correct sites. Also yeast cells can carry out post- 
translational peptide modifications, including glycosylation. 

After the introduction of the vector, the host cells are grown in a selective medium, which selects for the 

50 growth of vector- containing cells. Expression of the clones gene sequence(s) results in the production of 
the desired IFN-i32/IL-6-R fragment. The expressed protein is then isolated and purified in accordance with 
the purification method described in the present application or by any other conventional procedure 
involving extraction, precipitation, chromatography, electrophoresis, or the like. 

A further purification procedure that may be used in preference for purifying the protein of the invention 

55 Is affinity chromatography using anti-IFN-j32/IL-6-R monoclonal antibodies, which are produced and immo- 
bilized on a gel matrix contained within a column. Impure preparations containing the recombinant protein 
are passed through the column. The protein will be bound to the column by the specific antibody while the 
impurities will pass through. After washing, the protein is eluted from the gel by a change in pH or ionic 
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strength. 

As used herein the term 'salts* refers to both salts of carboxyl groups and to acid addition salts of 
amino groups of the protein molecule formed by means known in the art. Salts of a carboxyl group include 
inorganic salts, for example, sodium, calcium, and salts with organic bases as those formed, for example, 

5 with amines, such as triethanolamine, arginine or lysine. Acid addition salts include, for example, salts with 
mineral acids and salts with organic acids. 

"Functional derivatives" as used herein covers derivatives which may be prepared from the functional 
groups which occur as side chains on the residues or the N- or C- terminal groups, by means known in the 
art, and are included in the invention as long as they remain pharmaceuticaliy acceptable, i.e. they do not 

10 destroy the activity of the protein and do not confer toxic properties on compositions containing it. These 
derivatives include aliphatic esters or amides of the carboxyl groups, and N-acyl derivatives of free amino 
groups or 0-acyl derivatives of free hydroxyl groups formed with acyl moieties (e.g. alkanoyi or carbocycllc 
aroyi groups). 

"Precursors" are compounds formed prior to, and converted into, lFN-j52/lL-6-R in the animal or human 

75 body. As "active fractions" of the substantially purified protein, the present invention covers any fragment or 
precursors of the polypeptide chain of the protein molecule alone or together with associated molecules or 
residues linked thereto, e.g. sugar or phosphate residues, or aggregates of the protein molecule or the 
sugar residues by themselves, provided said fraction has the ability to inhibit the cytotoxic effect of TNF on 
cells and/or to maintain its prolonged beneficial effect. 

20 The invention further relates to antibodies against IFN-)32/IL-6-R and its soluble extracellular fragment 
and to F{ab) fragments thereof. The functional interaction of the antibodies of the present invention with IFN- 
iS2/IL-6-R provides also a new diagnostic tool, based on immunoassays such as radioimmunoassay, ELISA 
etc., for the detection of over- or under-production of IFN-^2/IL-6-R by cells in the body in certain disorders. 
The antibodies may be either polyclonal or monoclonal. They may be raised in rabbits, mice or other 

25 animals or tissue cultured cells derived thereof or can be products of cells of human origin. They may also 
be produced by recombinant DNA technology either in a form identical to that of the native antibody or as 
chimeric molecules, constructed by recombination of antibody molecules of man and animal origins. The 
development of antibody level is followed by the ability of the animal serum to inhibit the hybridoma growth 
factor (HFG) activity of IFN-)32/lL-6. 

30 For the preparation of the antibodies, either purified IFN-j32/IL-6 receptor or its soluble extracellular 
fragment or one or more synthetic peptides identical to the known sequence of the proteins, e.g. to the N- 
terminal protein sequence, may be used to immunize animals. A further possibility is to fuse one of the 
possible nucleotide sequences coding for a fragment of the receptor to the gene coding for Protein A, to 
express the fused Protein A-IFN-)32/IL-6-R gene in E. coli , to purify the fused protein by affinity 

35 chromatography on IgG Sepharose column and then to use it to immunize animals. 

The monoclonal antibodies of the present invention are prepared using conventional hybridoma 
technique (Kohler et ai. (1975) Nature 256 :495: Kohler et al. (1976) Eur, J. Immunol. 6 :511). After 
immunization, spleen cells alone and/or together with lymph node cells of the immunized animals are 
isolated and fused with a suitable myeloma cell line. After fusion, the resulting hybridoma cells are 

40 selectively maintained in HAT medium and then cloned. The hybridoma cells obtained through such a 
selection are then assayed to identify clones which secrete antibodies capable of binding iFN-^2/IL-6 
receptor or its soluble extracelular fragment. After identification, the desired clones are grown in bulk, either 
in suspension culture or in ascitic fluid, by Injecting the cells into the peritoneum of suitable host mice. The 
monoclonal antibodies produced by the hybridomas are then Isolated and purified. 

45 As mentioned before, the monoclonal antibodies may also be immobilized and used for the purification 
of the lFN-j92/IL-6 receptor or its soluble extracellular fragment in affinity purification procedure using an 
immunoadsorbent column. 

The IFN-j32/lL-6-R and its soluble extracellular fragment and salts, functional derivatives, precursors and 
active fractions thereof, and mixtures of any of the foregoing, are indicated for stimulating and enhancing 

50 the desirable effects of IFN-)32/IL-6 in mammals, such as the antiproliferative activity of IFN-j82/IL-6. 

The present invention further relates to pharmaceutical compositions comprising a pharmaceuticaliy 
acceptable carrier, IFN-i32/IL-6 and the IFN-j32/IL-6-R. its soluble extracellular fragment or salts, functional 
derivatives, precursors or active fractions thereof, and mixtures of any of the foregoing, as active 
ingredients. These compositions may be used in any condition where it is desired to stimulate the activity 

55 of IL-6. Of course the amount of IFN-j32/lL-6 to be administered is lower in view of the enhancing effect of 
the receptor. The way of administration can be via any of the accepted modes of administration for similar 
agents and will depend on the condition to be treated. 

The pharmaceutical compositions of the invention are prepared for administration by mixing the active 
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ingredients with physiologically acceptable carriers, stabilizers and excipients. and prepared in dosage form, 
e.g. by iyophilization in dosage vials. The amount of active compounds to be administered will depend on 
the route of administration, the disease to be treated and the condition of the patient. 

The IFN-32/IL-6-R and its soluble extracellular fragment and salts, functional derivatives, precursors and 
active fractions thereof, and mixtures of any of the foregoing, may also be used alone for enhancing the 
activity of endogenousiy formed IFN-82/IL-6 in conditions like bacterial infections, burns, trauma, etc. 

The invention will now be Illustrated by the following non-limiting examples: 



10 Example 1: 



Isolation and purification of IFN-82/IL-6 receptor from human placenta 



75 Placental membranes are prepared according to the method of R.A. Hock and M.D. Holleneberg (1980). 
J. Biol. Chem., 255 , 10731-10736. as follows: placenta pieces are homogenized in a buffer consisting of 25 
mM TrIs-HCl. pHT.4. 0.25 M sucrose. 0,1 M NaCI, 1.5 mM MgCIa, 2mM EGTA. 1 mM PMSF^and 22 Tiu/ml 
Aprotinin. followed by filtering through gauze and centrifugatlon (10,000 xg for 30 min. at 4 C). NaCI and 
MgS04 are added to the supernatant to a final concentration of 0,1 M and 0.2mM respectively. The mixture 

20 is spun (48.000 xg for 40 min. at 4* C) and the resulting pellet is resuspended in a buffer of 10 mM Hepes. 
pH 7 4, 150 mM NaCI and 1 mM PMSF and 22 Tiu/ml. The membranes are then solubillzed in a 
solubilization buffer (final concentrations: 10 mM Hepes. pH 7.4, 1-2% Triton X-100. 1 mM PMSF and 20 
units/ml aprotinin). The suspension is spun first at 10.000 xg for 15 min, and then at 100,000 xg for 60 mm. 
The supernatant is applied to an immobilized IFN-j82/IL-6 column (2.5 mg per 0.8 ml of Affigel-10). Loading 

25 is at a flow rate of 0.2-0.5 ml/min. The column is then washed with PBS (50 ml) and the bound material is 
eluted with a solution of 25 mM citric acid. Fractions of 1 ml are collected and immediately neutralized with 
1 M Hepes. pH 8.5. Each fraction is tested fr its ability to bind '^^\'\Fl^'&2/\L'd and for protein content. 
Protein is determined with fluoroescamine. 



30 

Example 2: 



Isolation and purification of IFN-j92/IL-6-R soluble extracellular fragment 



2.1 Preparation of the urine concentrate 

A pool of 200 liter urine from healthy menopausal women was subjected to microfiltration on a Pellicon 
membrane with a pore size of 0.45 um. The filtrate was concentrated by ultrafiltration using a Pellicon 
membrane with a molecular weight cut off of 10 K to a final volume of 500 ml. The concentrate was 
dialyzed against phosphate buffered saline containing 1 mM benzamidine and 0.1% sodium azide. 



45 2.2. Ion-exchange chromatography on CM-Sepharose 

A CM-Sepharose (Pharmacia, Uppsala, Sweden) cation exchange column (2.7x10 cm) was prewashed 
with 1 M NaCI. 10 mM citric acid pH 5.0, containing 0.02% NaNa (buffer C) and equilibrated with 10 mM 
citric acid (pH 5) containing 0.02% NaNs (buffer A). The concentrate of urinary proteins was dialyzed 
50 against buffer A. and centrifuged for 15 min. at 8000 xg. The supernatant was applied at 4 C on the column 
at a flow rate of 2 ml/min. The column was washed with 1500 ml buffer A and eluted with 250 ml of a 
solution containing 200 mM NaCI. 10 mM citric acid (pH 5.0) and 0.02% NaNa (buffer B). A second step of 
elution was performed with 150 ml buffer C. Fractions of 50 ml were collected and tested for IFN-/32/IL-6 
binding activity (binding of ^25|-ifn-^2/ lL-6) and their protein concentration was determined. 



2.3. Affinity purification on an IFN-/32/IL-6 column 
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IFN-J32/IL-6 was brought to a concentration of 5 nng/ml, then equilibrated with PBS containing 0.02% 
sodium azide and coupled to Affigel-10 (2.5 mg to 0.8 ml beads). The concentrate of urinary proteins of 
step 2.1 and 2.2 was equilibrated with phosphate-buffered saline (PBS) and applied to the IFN-j32/IL-6 
Affigel-10 column (2.5 mg of protein bound to 0.8 ml of Affigel-10) at a flow rate of 0.2 ml/min. at 4*C. 
5 Unbound proteins were washed with PBS and the bound proteins were then eluted at pH 2.5 by applying a 
solution of 25 mM citric acid, 1 ml fractions were collected into tubes containing 1 M Hepes pH 8.5. The 
eluted protein was monitored for protein and for binding of ^25|.|pn.^2/IL-6 following electroblotting. 



70 2.4. Reversed-phase high pressure liquid chromatography 

The reversed-phase HPLC column Aquapore RP-300 4.6 x 30 mm (Brownlee Labs) was prewashed with 
0.3% aqueous trifluoroacetic acid (TFA) (Buffer F) until a stable baseline was obtained by the fluorescamine 
detection system. The protein peak fractions eluted from the affinity IFN-j92/IL-6 columns of step 2.3 were 

TS pooled and injected in one 1.8 ml portion onto the column. The column was run with Buffer F at a flow rate 
of 0.5 ml/minute until the fluorometer did not detect any protein. Elution was performed at a flow rate of 0.5 
ml/minute, with a linear gradient of acetonitrile In Buffer F (— -) (0.20% for 5 minutes, followed by 20-50% 
for 60 minutes, and finally 50-80% for 5 minutes). The column was then washed for 15 minutes with 80% 
acetonitrile. Fractions of 0.5 ml were collected and tested for protein content (— ) and for binding of ^25|-ifn- 

20 02/\L-6 following electroblotting. As shown in figure 1, the active proteins were found to elute as one protein 
peak, in fractions corresponding to about 39% acetonitrile. 

2,5. SDS-PAGE and biriding to ^g5|-IFN-j82/IL-6 

25 

In order to monitor the result of the purification, sodium dodecyf sulphate polyacrylamide gel elec- 
trophoresis (SDS-PAGE) was performed under non-reducing conditions according to the method of Laemmll 
U.K. et al. (Nature (1970) 227 :680). Samples of the active fractions eluting from the reversed-phase HPLC, 
were mixed with 3 x concentrated sample buffer containing no SDS and no i3-mercaptoethanol and loaded 

30 on a 12% acrylamide gel. In Figure 2, as a reference for molecular weight, a mixture of molecular weight 
markers (a lactalbumin 14.4 K. soya bean trypsin inhibitor 20.1 K. carbonic anhydrase 30 K, ovalbumin 43 
K. bovine serum albumin 67 K, and phosphorylase b. 94 K) was loaded on lane 1. The gel was run at 150 
volt and the protein bands were visualized by silver staining (Oakley. B.R. et al. Anal. Biochem. 105 :361). In 
lane 2, it is shown that the HPLC-purified IFN-)92/IL-6 binding protein moved as a single band, with an 

35 apparent molecular weight of 50 (40-60) K. Binding of ^25i,|FN-^2/IL-6 (2.2x107 cpm/ug, 1.5x10^ cpm/ml) 
was done following SDS-PAGE under non-reducing conditions and electroblotting onto nitrocellulose 
membrane (Schleicher and Schuell 0.45j-Lm). performed essentially as the Western blotting method 
(Towbin, H. et al., Proc. Natl. Acad. Sci. USA, 76 , 4350-4354, 1979). As shown In lane 3, only the 50 (40- 
60)K protein of the partially purified protein sample from the IFN-j92/IL-6 affinity column eluate reacted 

40 specifically with ^25|,|pfsj-^2/IL-6. A purified IFN-gamma binding protein sample from IFN-gamma affinity 
column eluate was used as a negative control (lane 4). Lanes 3 and 4 were visualized by autoradiography. 

^'^ N-Terminal Sequence Analysis 

45 

Samples of the substantially purified IFN-j32/iL-6-R soluble extracellular fragment of the invention (1- 
5ug, 50-200 pmol each) were applied to pretreated, biobrene-coated glass-fiber discs. The dried discs were 
subjected to repetitive cycles of Edman degradation in an automated pulsed liquid gas phase protein 
microsequencer (Model 475) with an on-line HPLC PTH-amino acid analyzer (Model 120) and a data 

50 acquisition and processing unit Model 900. (all from Applied Biosystems Inc. Foster City, CA. U.S.A.). The 
computer-derived sequence was compared with the raw data and was corrected when necessary. Al- 
together two separate analyses were performed In order to confirm the sequence data. The initial yield was 
over 40%, indicated that the major protein in the preparation (the 50 K band) is related to the resulting 
sequence. The N-termlnal sequencing of this soluble extracellular fragment of the IFN-i32/IL-6-R gave the 

55 following amino acid sequence: 

Leu-Ala-Pro-Arg-Arg-Cys-Pro-Ala-Gln-Glu-Val-AIa-Arg-Gly-Val-Leu-Thr-Ser-Leu-Pro-Gly-Asp-Ser-Val-Thr- 
Leu-Thr-Cys-Pro-Gly- 
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Example 3: 



Preparation of polyclonal antibodies to IFN-/32/IL-6-R 

5 

Rabbits were initially injected subcutaneously with 10ug of a pure preparation of the IFN-^2/IL-6-R 
soluble extracellular fragment emulsified in complete Freund's adjuvant Three weeks later they were 
injected again subcutaneously with 10ug of the preparation in incomplete Freund's adjuvant. Three 
additional injections as solution in PBS were given at 10 day intervals. The rabbits were bled 10 days after 
10 the last immunization. The development of antibody level was followed by the ability of the rabbit serum to 
inhibit the HGF (hybridoma growth factor) activity of lFN-j82/IL-6. The immunoglobulins of the rabbit sera 
were precipitated by the addition of ammonium sulfate and centrifugation, and purified by dialysis and 
chromatography. 

IS 

Example 4: 



Preparation of monoclonal antibodies to IFN-j32/IL-6-R 

20 

Female Balb/C mice (3 months old) were first injected with 2.5 ug purified IFN-j32/IL-6-R soluble 
extracellular fragment in an emulsion of complete Freund's adjuvant, and three weeks later, subcutaneously 
In incomplete Freund's adjuvant. Three additional injections were given at 10 day Intervals, subcutaneously 
in PBS. A final boost was given intraperitoneally 3 days before the fusion to the mouse showing the highest 

25 binding titer in inverted solid phase RIA. Fusion was performed using NSO/1 myeloma cell line and 
lymphocytes prepared from both the spleen and lymph nodes of the animal as fusion partners. The fused 
cells were distributed into microculture plates and the hybridomas were selected in DMEM supplemented 
with HAT and 15% horse serum. Hybridomas that were found to produce antibodies to IFN-j(32/lL-6-R were 
subcloned by the limiting dilution method and injected into Ba!b/C mice that had been primed with pristane 

30 for the production of ascites. Immunoglobulins were isolated from the ascites by ammonium sulfate 
precipitation (50% saturation), centrifuged, redissolved in water and dialyzed against PBS containing 0.02% 
azide. The isotypes of the antibodies were defined either with the use of a commercially available ELISA kit 
(Amersham. U.K.). or by the Ouchterlony method using commercially available antisera against different 
isotypes. 

35 The screening of the anti-lFN-/32/lL-6-R monoclonal antibodies producing hybridomas was performed as 
foilows:Hybridoma supernatants were tested for the presence of anti-lFN-j32/iL-6-R antibodies by an 
inverted solid phase radioimmunoassay (IRIA). PVC microtiter plates (Dynatech Laboratories, Alexandria. 
VA) were coated with affinity purified goat anti-mouse serum F(ab)2 antibodies (BioMakor) (lOng/ml, 
SOul/well). Following overnight incubation at 4° C the plates were washed twice with PBS containing BSA 

40 (0.5%) and Tween 20 (0.05%) and blocked in washing solution for at least 2 hrs at 37**^C. Hybridoma 
culture supernatants (50ul/well) were added and the plates were incubated for 4 hrs at 37° C. The plates 
were then washed three times with the washing solution and ^25|-ifn-j82/1L-6-R (50M.1. 10^ cpm) was added 
for further incubation of 16 hrs at 4" C. The plates were washed 3 times and individual wells were cut and 
counted In a gamma counter. Samples giving counts that were at least 5 times higher than the negative 

45 control value were considered positive (Table I). Thirty positive clones were selected, subcloned for further 
studies and characterized. 

Example 5: 

50 

Western blotting 

Western blotting was performed as follows: Samples of partially purified IFN-i32/IL-6-R soluble fragment 
55 from human urine were anlyzed by SDS PAGE under reducing conditions and electroblotted onto 
nitrocellulose sheets (BA85. Schleicher and Shuell). Following electroblotting the sheet was incubated 
overnight with a blocking buffer (5% non-fat milk in PBS containing 0.05% Tween 20 and 0.02% sodium 
azide) and then for 2 hrs at room temperature with the anti-IFN-i32/IL-6-R monoclonal antibody No. 34-4. 
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Following washing in 0.05% Tween 20 in PBS. ther nitrocellulose was incubated for 4 hrs at room 
temperature with ^25|-goat anti-mouse serum (0.7 x 10^ cpm/ml in the blocking buffer). The sheet was then 
washed, dried and autoradiographed. 

Some of the Isolated clones and subclones with their isotype and results of binding of IFN-j32/IL-6-R in 
5 inverted RIA and Western blotting are listed in Table I. 



Table I 



Clones producing monoclonal antibodies to 
iFN-i92/IL-6 receptor 




ocreening wtin 

iniM [Or IVIJ 


Western blot 
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+ 


iyv3i 


33.2 


14,875 






igG, 


34.4 


33,480 


+ 




k.igGi 


35.2 


35,495 


+ 


+ 


k.lgGa 


36 


1.445 


+ 




igM 


37 


9.640 






IgG, 


38.4 


35,975 


+ 




igGi 


39.1 


5.195 


+ 


+ 


igGz 


40 


1,415 


+ 




lgGi 


41 


1.870 


+ 




IgG, 


42.5 


33.565 






IgG, 


43 


1,255 






IgG, 


46 


6,090 








48 


18,000 






IgG, 


49 


8,000 


+ 




IgM 


50.3 


28.440 


+ 


+ 


IgG, 


51 


1,075 






IgG, 


52 


3.945 






IgM 


53.4 


3,440 






IgG, 



* M: mercaptoethanol (reducing agent) 
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Example 6: 

55 

Affinity chromatography of IFN-)32/IL-6-R soluble fragment preparations with monoclonal anti- 
bodies 
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Antibodies against IFN-/32/IL-6-R are utilized for the purification of the soluble fragment of affinity 
chromatography. The monoclonal antibody No. 34-4 was used in this example for affinity chromatography, 
after testing its binding capacity for the radiolabeled antigen in inverted solid phase radioimmunoassay 
(iRIA). Ascitic fluid containing the monoclonal antibody secreted by hybridoma No. 34-4 was purified by 

5 ammonium sulfate precipitation at 50% saturation followed by extensive dialysis against PBS. About lOmg 
of immunoglobulins were bound to 1 ml polyacrylhydrazide agarose as specified by Wilchek and Miron, 
Methods in Enzymology 34:72-76, 1979. 250 ml of human urine, partially, purified on carboxymethyl 
sepharose~(CMS) column (equivalent to 250 I of crude urine) were loaded on 0.5 ml of the anti-IFN-/32/IL-6- 
R antibody column at 4* C at a flow rate of 0.25 ml/min. The column was washed with PBS until no protein 

10 was detected in the washings. IFN-/32/IL-6-R soluble fragment was eluted by 25 mf^ citric acid buffer, pH 
2.2 (8 X 1 column volume fractions) and immediately neutralized by 1 M Hepes buffer, pH 8.5. with a total 
recovery of 88% IFN-j32/IL-6-R soluble fragment. Silver stain analysis of SDS PAGE of the eluted fractions 
revealed a major band of M.W. of 50.000 and another major band of 150,000 (contaminants). Further 
purification of this preparation was obtained by RP-300 HPLC, and the soluble receptor fragment eluted at 

76 39% acetonitrile in a pattern similar to that of Fig. 1. 



TABLE II 



Immunoaffinity purification of IL-6 receptor from urine (CMS) 






FLUORESCAMINE 


ELISA 


McAb 
column 


Sample 


ml 


ug/ml 


ug 


ug/ml 


ug 


purity % 


yield % 










34.4 


Load 


250 


2200 


550,000 


0.38 


95 








Efluent 


250 


2000 


500.000 


0.06 


15 








Elution 1 


1.2 


20 


24 


7.7 


9 


38 






Elution 2 


1.2 


45 


54 


30.4 


36.5 


67 






Elution 3 


1.2 


18 


21.6 


12 


14.4 


80 






Elution 4 


1.2 


11 


13 


8 


9.6 


87 






Total eluted 










69.5 




88 



35 

Example 7: 



ELiSA test 

Microtiter plates (Dynatech or Maxisorb by Nunc) were coated with anti-IFN-j92/IL-6-R monoclonal 
antibody No. 34-4 (immunoglobulin fraction, 120 ul, 20 ug/ml in PBS), overnight at 4*C. The plates were 
washed with PBS containing BSA (0.5%) and Tween 20 (0.05%) and blocked in the same solution for at 
least 2 hrs at 37' C. The tested samples were diluted in the blocking solution and added to the wells (100 
Ul/well) for 4 hrs at 37*" C. The plates were then washed 3 times with PBS containing Tween 20 (0.05%) 
followed by the addition of rabbit anti-IFN-;82/lL-6-R serum (1:1000, 100 ul/well) for further incubation of 4 
hrs at 37" C. The plates were washed 3 times and a conjugate of goat-anti-rabbit horseradish peroxidase 
(HRP, BicMakor. 1:2000. 100 ul/well) was added for 2 hrs at 37' C. The plates were washed 4 times and 
the color was developed by ABTS (2.2'-azino-bus (3-ethylbenzthiazoline-6-sulfonic acid), Sigma) substrate. 
The plates were read by an automatic ELISA reader. Alternatively, the ELISA could be performed by 
replacing the rabbit polyclonal anti-IFN-/32/IL-6-R antibodies with a monoclonal antibody No. 22-1 either 
conjugated to HRP or biotinylated. 



Example. 8: 



The activity of the lFN-j32/lL-6-R soluble extracellular fragment was tested on the 
hybridoma/plasmacytoma growth factor (HGF) activity of IFN-i32/IL-6. Murine plasmacytoma T1165 cells 
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were exposed for 16 hours to a low concentration of pure human recombinant IFN-)32/iL-6, produced in 
E.coli and purified to homogeneity (2x20^ HGF units/mg). In parallel, the same IFN-jS2/IL-6 samples were 
incubated for 90 minutes at 37* C with various concentrations of the IFN-jS2/IL-6-R soluble extracellular 
fragment and then added to the cells. With 0.25 ng/ml IFN-^2/IL-6 alone, there was no stimulation of ^H- 

5 thymidine incorporation in the pulsed T1165 cells, but addition of IFN-j82/IL-6-R soluble extracellular 
fragment produced a dose-dependent stimulation (Table III). At 5 ng/ml IFN-j82/lL-6. growth stimulation of 
the T1165 cells was seen and only slightly stimulated by IFN-j82/IL-6-R soluble extracellular fragment. As a 
control, the IFN-gamma soluble receptor purified from human urine had no effect (Table III). 

Subliminal concentrations of IFN-)32/!L-6 can. therefore, be specifically potentiated by addition of IFN- 

70 i32/IL-6-R soluble extracellular fragment. Assuming about 5,000 IFN-j82/IL-6 receptors on the cells, 0.25 
ng/ml IFN-i92/IL-6 corresponds to about 150 molecules of the cytokine per receptor. The stimulatory effect 
of IFN-J82/1L-6-R soluble extracellular fragment begins to be seen when 5-10,000 IFN-^2/IL-6-R soluble 
extracellular fragment molecules are added per murine IFN-/82/IL-6 receptor. Although part of the IFN-j32/IL- 
6-R soluble extracellular fragment may be inactive, it does not appear that the effect is stochiometric. 

75 Several lines of human B-ceils transformed by Epstein-Barr virus (EBV) show growth stimulation by 
IFN-jS2/IL-6. In the TI cell line, addition of IFN-^2/lL-6-R soluble extracellular fragment did not potentiate the 
effect of IFN-J32/IL-6 as it did on the murine T1165 plasmacytoma (Table IV). In fact, with the TI cells, IFN- 
j82/IL-6-R soluble extracellular fragment behaved as an inhibitor of IFN-J02/IL-6 action at low concentrations 
of the cytokine. 

20 In the HGF activity assay the bioactlvity of the IFN-)32/IL-6 is measured by stimulation of ^H-thymidine 
incorporation in murine plasmacytoma Til 65 cells CNordan, R.P. and Potter, M. Science (1986) 233:566- 
568). Briefly, serial dilutions (60ul) of the tested samples were incubated with T1165 cells (10* cells in 40ul) 
overnight at 37" C in 96-we!l microtiter plates. A pulse of ^H-thymidine (luCi/well) was given for 4 hrs at 
37* C. Cells were harvested by an automatic harvester and counted. One unit of IFN-jS2/iL-6 is defined as 

25 the amount of protein that gives 50% of the maximal effect in the assay. 



TABLE III 



Stimulation of mouse plasmacytoma T1165 cell growth 


IFN-jS2/!L-6 


IFN-^2/lL-6-R soluble 


^H-thymidine 


ng/ml 


extracellular fragment 


incorporation counts per 






minute 


None 


None 


5,800 


0.25 


None 


5,780 


0.25 


0.03 


7,750 


0.25 


0.06 


9,100 


0.25 


0,12 


10,100 


0,25 


0.25 


20,000 


0,25 


0.50 


29,750 


0,25 


1.00 


40,400 


2.5 


None 


16,000 


2.5 


0.25 


16,000 


5.0 


None 


32,000 


5.0 


0,25 


48.000 


0.25 


IFN- -R soluble fragment 


6.350 



50 
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TABLE IV 



Stimulation of human KBV-transformed B-celi line 




Tl 




IFN-i32/IL-6 


^H-thymidine Incorporation counts per 


ng/ml 


minute x 10"^ 




Alone 


+ IFN-J92/IL-6-R soluble 






extracellular fragment 


None 


20 


25 


0.05 


33 


25 


0.2 


39 


29 


12.5 


39 


40 


25.0 


42 


39 


The iFN-j82/IL-6-R soluble extracellular fragment 


concentration was 0.6 ug/ml. 





Example 9: 

25 

Activity on human breast cancer cells 

Human breast ductal carcinoma cells T47D are growth-inhibited by IFN-;S2/IL-6. These cells are rich in 
IFN-j82/IL-6 receptor binding sites, at least comparable to what is found on lymphocytes and myeloid cells. 

30 A series of subclones of the T47D cancer cell culture were isolated and compared for their growth inhibition 
by IFN-JQ2/IL-6. By several tests, colony formation from sparsely seeded cells and ^H-thymadine incor- 
poration in semi-confluent monolayers, some clones (e.g. 07) were more sensitive and others (e.g. 012) 
were less sensitive than the parental T47D cultures. The effect of IFN-jS2/IL-6-R soluble extracellular 
fragment was tested in an ^H-thymidine incorporation assay where IFN-j32/IL-6 produces a dose-dependent 

35 inhibition (Table V). 

Where addition of iFN-/32/IL-6-R soluble extracellular fragment alone had no effect, the soluble receptor 
strongly Increased the antigrowth effect of IFN-j82/IL-6 (Table V). Unlike what was found on the murine 
plasmacytoma cells, the effect of IFN-)32/IL-6-R soluble extracellular fragment on the human breast cancer 
cells was marked at higher IFN-j32/IL-6 concentrations. There was not only a reduction in the amount of 

40 IFN-i32/IL-6 needed for 50 percent inhibition, but the amplitude of the effect was markedly increased. In the 
presence of IFN-;82/IL-6-R soluble extracellular fragment, the inhibition of ^H-thymidine incorporation 
reached 98 percent, while without IFN-j82/IL-6-R soluble extracellular fragment residual DNA synthesis was 
observed even at high lFN-j(32/IL-6 doses. This result suggested that lFN-j92/IL-6-R soluble extracellular 
fragment may also make a more resistant sub-clone such as 012 respond fully to IFN-j32/IL-6 growth 

45 inhibition. Indeed, addition of IFN-i82/IL-6-R soluble extracellular fragment, allowed also to inhibit almost 
completely the ^H-thymidine incorporation in 012 cells (Fig. 3) and the effect was again evident at the 
higher IFN-j92/IL-6 concentrations. 

These results show that IFN-j82/IL-6-R soluble extracellular fragment acts on human breast cancer cells 
and increases both the sensitivity and the amplitude of the response. 

50 



55 
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TABLE V 



Inhibition of Human Breast Carcinoma T47D clone 


07 growth 


IFN-;82/IL-6 


3H-thymldlne incorporation counts per 


ng/ml 


minute x 10"^ 




Alone 


+ IFN-^2/lL-6-R soluble 






extracellular fragment 


None 


100 


103 


br 1.5 


57 


32 


7.5 


46 


12 


36 


37 


4 


180 


26 


2 


900 


12 


4 


The IFN-)32/IL-6-R soluble extracellular fragment 


concentration as 0.6 ug/ml. 





Claims 

25 

1. Human natural lnterferon-j92/lnterleukin-6 Receptor (herein designated IFN-)32/IL-6-R), its soluble extracel- 
lular fragment and salts, functional derivatives, precursors and active fractions thereof, and mixtures of any 
of the foregoing, being able to specifically bind IFN-;82/IL-6. 

2. Human natural IFN-^2/iL-6-R according to claim 1 in substantially purified form. 

30 3. The human IFN/j32/IL-6-R soluble extracellular fragment according to claim 1 in substantially purified 
form. 

4. The human IFN-;82/IL-6-R soluble extracellular fragment according to claim 3 having a molecular weight 
of about 50 K when the substantially purified protein is analyzed by SDS-PAGE under non-reducing 
conditions. 

35 5. The human IFN-)82/lL-6-R soluble extracellular fragment according to any one of claims 3 or 4 moving as 
a single peak on reversed-phase high performance liquid chromatography (HPLC). 

6. The human IFN-jS2/lL-6-R soluble extracellular fragment according to any one of claims 1. 3, 4 or 5 which 
contains the following N-terminal amino acid sequence: 

Leu-Ala-Pro-Arg-Arg-Cys-Pro-Ala-Gln-Glu-Val-Ala-Arg-Gly-Val-Leu-Thr-Ser-Leu-Pro-Gly-Asp-Ser-Val-Thr- 
40 Leu-Thr-Cys-Pro-Gly- 

7. A method of isolating human natural IFN-jS2/IL-6 receptor according to claim 1 or 2, which comprises 
solubilizing human cells bearing the receptor, particularly placenta cells, to obtain a suspension, centrifuging 
the suspension, applying the supernatant to an immobilized IFN-^2/IL-6 column and eluting the bound 
receptor protein by varying pH conditions, in a state of enhanced purity. 

45 8. A process for the production of substantially purified IFN-j32/IL-6-R soluble extracellular fragment which 
comprises: 

(a) recovering the crude protein fraction from a dialyzed concentrate of human urine; 

(b) subjecting said crude protein fraction of step (a) to affinity chromatography on a column of 
immobilized IFN-/82/IL-6; 

60 (c) applying said purified active fractions of the IFN-)32/IL-6 binding proteins from step (b) to reversed- 
phase high pressure liquid chromatography (HPLC); and 

(d) recovering the fractions eluting at 39% acetonitrile and containing substantially purified IFN-^2/iL-6-R 
soluble extracellular fragment, said protein having a molecular weight of about 50 K on SDS PAGE under 
non-reducing conditions and moving as a single peak on reversed-phase HPLC; 
55 9. A process according to claim 8 wherein the crude protein fraction of step (a) is subjected to ion 
exchange chromatography prior to the affinity chromatography of step (b). 

10. A process according to claim 8 or 9 wherein the affinity chromatography of step (b) is performed on a 
column of anti-IFN-)S2/IL-6-R monoclonal antibody. 



15 



35 



40 



45 



50 



EP 0 413 908 A2 

11. The IFN-i92/IL-6-R soluble extracellular fragment according to claim 1 which is a recombinant protein or 
a recombinant protein substantiaiy homologous therewith. 

12. A DNA molecule comprising the nucleotide sequence coding for the IFN-)S2/IL-6-R soluble extracellular 
fragment of any of claims 1, 3 to 6 or 11, or for a protein substantially homologous therewith. 

5 13. A replicable expression, vehicle comprising the DNA molecule according to claim 12 and capable, in a 
transformant host cell, of expressing the IFN-j92/IL-6-R soluble extracellular fragment defined in any one of 
claims 1. 3 to 6 or 11. 

14. A host cell selected from a prokaryotic and a eukaryotic cell transformed with a replicable expression 
vehicle according to claim 13. 
10 15. A process for producing the IFN-)32/IL-6-R soluble extracellular fragment comprising the steps of: (a) 
culturing a transformant host cell according to claim 14 in a suitable culture medium, and (b) isolating said 
IFN-iS2/IL-6-R soluble extracellular fragment. 

16. An antibody against the IFN-i82/IL-6-R and/or its soluble extracellular fragment which specifically 
recognizes saud receptor and/or said fragment. 
15 17. An antibody according to claim 16 which is a polyclonal antibody. 

18. An antibody according to claim 16 which is a monoclonal antibody. 

19. Pharmaceutical compositions comprising as active ingredient human natural IFN-^2/IL-6-R or the 
soluble extracellular fragment thereof, salts, functional derivatives, precursors or active fractions thereof, and 
mixtures of any of the foregoing, and a pharmaceutically acceptable carrier. 

20 20. Pharmaceutical compositions according to claim 19 comprising human IFN-;82/IL-6-R soluble extracel- 
lular fragment as active ingredient. 

21. Pharmaceutical compositions according to claim 19 or 20 comprising also human IFN-j32/lL-6. 

22. Pharmaceutical compositions according to claim 21 for the treatment of breast cancer. 

23. IFN-;32/IL-6-R and/or its soluble extracellular fragment, salts, functional derivatives, precursors or active 
25 fractions thereof, and mixtures of any of the foregoing, for use for stimulating and enhancing beneficial 

effects of IFN-/32/IL-6, such as its antiproliferative activity. 



30 



65 
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SEQUENCE LISTING 

SEQ ID NO: 1 

SEQUENCE TYPE: Amino Acid 
SEQUENCE LENGTH: 30 Amino Acids 
ORIGINAL SOURCE: Human 

IMMEDIATE EXPERIMENTAL SOURCE: Urine from healthy menopausal women 
PROPERTIES: Extracellular fragment of Interferon-62/Interleukin-6 
Receptor 



Leu Ala Pro Arg Arg Cys Pro Ala Gin Glu Val Ala Arg Gly Val Leu 16 
15 10 15 

Thr Ser Leu Pro Gly Asp Ser Val Thr Leu Thr Cys Pro Gly 30 
20 25 30 
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@ Human natural I FN-)32/IL-6 receptor and its solu- 
ble extracellular fragment are provided in substan- 
tially purified form and are shown to stimulate and to 
enhance beneficial effects of IFN-^2/IL-6, such as its 
antiproliferative activity. Polyclonal and monoclonal 
antibodies raised against the soluble fragment of the 
receptor are also provided. 




20 40 60 

Fraction number 



Xerox Copy Centre 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 90 11 0487 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



P.X 



P.X 



P.X 



Citation of document with indication, where appropriate, 
of relevant passages , 



no, 

& 



PATENT ABSTRACTS OF JAPAN, vol. 13, 
388 (C-630)[3736], 28th August 1989; 
JP-A-1 137 992 (CHUZO KISHIMOTO) 
30-05-1989 & CHEMICAL ABSTRACTS, vol 
112, 1990, page 586, abstract no, 
156727j 
Whole abstract * 



JOURNAL OF EXPERIMENTAL MEDICINE, vol. 
170, October 1989, pages 1409-1414, The 
Rockefeller University Press, New York, 
US; D. NOVICK et al . : "Soluble cytokine 
receptors are present in normal human 
urine" 
Whole article * 

SCIENCE, vol. 241, 12th August 1988, 
pages 825-828; K. YAMASAKI et al . : 
'Cloning and expression of the human 
inter! eukin-6 (BSF-2/IFNbeta 2) 
receptor" 
Whole article * 

THE JOURNAL OF IMMUNOLOGY, vol. 143, 
no. 9, 1st November 1989, pages 
2900-2906, The American Association of 
Immunologists; Y. HIRATA et al . : 
"Characterization of IL-6 receptor 
expression by monoconal and polyclonal 
antibodies" 
* Whole article * 



EP-A-0 325 474 (T. 
* Page 15, line 25 
figure 19 * 



KISHIMOTO) 
- page 18, line 



14; 



The present search report has been drawn up for ail claims 



Relevant 
to claim 



1-2,19 



1-9 



CLASSIFICATION OF THE 
APPLICATION (lal. a.S) 



1-2, IS- 
IS 



1.3-6, 
11-18 



Place or March 

THE HAGUE 



Dxte of completion of the Msrth 

26-04-1991 



12 P 
12 N 
12 P 
61 K 



07 K 



61 



(A 61 



A 61 K 



21/02 
15/12 
21/08 
37/02 
13/00 
37/66 
37/66 
37:02 



// 



TECHNICAL nELDS 
SEARCHED (Int. CIS) 



C 12 P 

C 12 N 
C 07 K 



Exanuoer 

LE CORNEC N.D.R. 



CATEGORY OF CITED DOCLMENTS 

X : particularly relevant if talien alone 

V : particularly rclevani if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



theory or principle underlying the invention 
earlier patent document* but published on* or 
after the filing date 
: document cited in the application 
document cited for other reasons 



: member of the same patent family, corresponding 
document 



] 



V 






CLAIMS INCURRING FEES 


The present European patent application comprised at the time of filing more than ten claims. 


□ 


All claims fees have been paid within the prescribed time Hmit. The present European search report has been 
drawn up for all claims. 


□ 


Only part of the claims fees have been paid within the proscnbed time limit. The present European search 
report has been drawn up for the first ten claims and for those claims (or which claims fees have been paid, 






namely claims: 


□ 


No claims fees have been paid within the proscnbed time limit. The present European search report has been ^ . 
drawn up for the first ten claims. 


X 


LACK OF UNITY OF INVENTION 


The Search Division considers that the present European patent application does not comply with the requirement of unity of 

Invention and relates to several inventions or groups of inventions, 

namely: 






See sheet -B- 






All further search fees have been paid within the fixed time limit. The present European search report has 
been drawn up (or all claims. 




□ 


Only pan o( the (unher search fees have been paid within the fixed time limit. The present European search 
report has been drawn up for those parts of the European patent application which relate to the inventions in 
respect of which search fees have been paid. 

namely claims: 




□ 


None of the further search fees has been paid within the fixed time limit. The present European search report 
has been drawn up for those parts of the European patent application which relate to the Invention first 
mentioned in the claims. 

namely claims: 



European Patent 

EP 90 11 0487 



Oftlce 



LACK OF UNITY OF INVENTION 



2. 
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Invention and relates to several Inventions or groups o( mveniions. 
namely: 

1 Claims 2,7 and 1,16,17,18 partially: Human natural 
S?e?feroA beta 2/interIeukin 6 receptor, process 
for isolating it antibodies against it. 

2. Claims 19,21,22,23 all Pa^ti^llYi;/£^f^^°^S!:f ^ 
composition comprising natural ^^T^^^? ^/IL 6. 
Receptor possibly in combination with 5^-^/?!^^ beta 
Its use for stimulating and enhancing beneficial effects 
of IFN-beta 2/IL-6. 
^ Claims 3-6 8-15 and 1,16-23 partially: IFN-beta 2/IL-6 
rece??or liUL SJtr'acellular fragment, ^unctionnal 
derivatives, precursors active fractions thereof and 
mixtures of the forgoing possibly in combination 
with the human natural IFN-beta 2/IL-6 receptor. 
Process for their production from urine. 
Antibodies against them. . „„v,j_t_ 

DNA coding for them, a reglicable expression vehicle 
comprising this DNA, a host cell transformed with it 
and a process for producing these fragments by genetic 
engineering. Pharmaceutical composition containing 
these fragments possibly in combination with 
IFN-beta 2/IL-6. Its use for stimulating and enhancing 
IFN-beta 2/IL-6 beneficial effects. 



